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REMARKS 

As plasma display panels (PDP) have increased in size while being required to increase 
the cells to be enabled for high definition television, additional problems have been experienced. 
This field is highly competitive with international companies competing very strongly, and cost 
is a major factor. 

Additionally, the expenditure of energy, both for the cost of the energy and the impact of 
increased heat, must also be considered. The production yield is also important in order to 
remain competitive in this field. 

These factors must be taken into consideration in evaluating improvements that address 
and resolve the above issues. 

Our amended Claim 1 is characterized by: a plasma display panel in which a protective 
layer covers a dielectric layer covering electrodes in discharge cells and faces a discharge space 
filled with a discharge gas, wherein the discharge gas includes Xe whose partial pressure is no 
less than 20%, and in the protective layer, an electron band including at least electrons having 
energy level of 4 eV or less below a vacuum level is formed within a forbidden band in energy 
bands. 
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[0068] FIG. 5 shows relationships between firing voltage Vf of a 
discharge cell and partial pressure of one constituent gas included in 
discharge gas of in PDPs; 
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[0085] The discharge space 116 is filled with a discharge gas composed 
of a mixture of neon (Ne) and xenon (Xe) at a pressure of approximately 
66.7 kPa (500 Torr). 

[0086] Here, the partial pressure of Xe is set to approximately 20%, 
which is higher than the Xe partial pressure in a discharge gas filling a 
standard PDP (approximately 7-10%). 

The Final Office Action rejection rejected Claims 1-3 and 6 over Kimura (Japanese 
Laid-Open Application 2001-332175 under 35 U.S.C. §102. 

The Office Action also rejected Claims 1-4, 6 and 13 as being anticipated by Nakahara 

(U.S. Patent No. 6,242,864). 

"[A]nticipation by inherent disclosure is appropriate only when the 
reference discloses prior art that must necessarily include the unstated 
limitation " 



Transclean Corp. v. Bridgewood Services, Inc„ 290 F.3d 1364, 62 
USPQ2d 1865 (Fed. Cir. 2002) 
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Finally, Claims 5 and 14 were rejected over the Kimura reference in view of Akiyama et 
al (Japanese Laid-Open Application 2003-272533) under 35 U.S.C. §103). 

The Office Action asserted that a protective layer of MgO would have apparently a 
generic chemical composition and that its physical and electrical properties would be inseparable 
from the basic chemical definition of MgO to justify a broad interpretation of a prior art 
utilization of MgO as a protective layer. The Office Action did not consider that our protective 
layer had a physically different electrical configuration resulting from creating a particular 
electron band and the energy level formed within a forbidden band. Our claims specifically 
define a particular plasma display panel with a particular partial pressure condition for the 
discharge gas and a specific claimed electron band having an energy level of 4 eV or less below 
a vacuum level formed within a forbidden band in the energy bands. 

As can be readily appreciated, the claims are supported by our specification, and would 
be easily understood by a person of ordinary skill in this field. 

More specifically, in lowering an Xe partial pressure to no less than 20%, luminous 
efficiency can be improved. However, the firing voltage tends to also increase which is not 
desirable in the large size display panels of today. This background knowledge would be 
understood by a person of ordinary skill, by referring to the Society Information Display 2003 
(SID 2003) paper on high efficiency PDP, attached hereto. 

However, in our protective layer, as defined in our current claims, an electron band 
including at least electrons having an energy level of 4 eV or less below a vacuum level 
(hereinafter, "4 eV electron band"), is specifically provided within a forbidden band in the 
energy bands. 

Also, since a metastable state (first excited state) of Xe is originally located at energy 
level of 4 eV below the vacuum level, Xe ions and the protective layer easily interact with each 

\PRICEJ\SWDMS\9078934.1 6 



Patent 
50478-1100 



other. Accordingly, by performing the process of the 201a (resonance and neutralization) and 
the 201b (Auger neutralization) shown in Figure 2 of the present application, it is possible to 
efficiently emit secondary electrons from a surface of the protective film (MgO film). 
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As a result, it is possible to keep the firing voltage low in the same manner as in 
conventional PDPs in which the Xe partial pressure is low, and still improve the luminescence 
efficiency. 

Kimura discloses technology for starting a discharge at a lower voltage by creating an 
oxygen deficit in magnesium oxide of the protective layer to thereby create an energy level, 
within a forbidden band, closer to the conduction band, and also includes a description of the 
protective layer having energy level, within a forbidden band, close to the conduction band. In 
addition, Kimura describes that the emission intensity is increased by injecting oxygen ions into 
MgO to adjust the peak wavelength of cathode luminescence to approximately 400 nm, and 
whereby the firing voltage can be reduced by 10%. 
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This adjustment of the peak wavelength of the cathode luminescence to approximately 
400 nm as disclosed by Kimura is exactly equivalent to the characteristic 401 of a conventional 
protective layer described in paragraph [0123] and Figure 6 of the present application. More 
specifically, the characteristic 401 indicates that an emission peak of cathode luminescence is 
located at an energy level of approximately 3.5 eV (corresponding to a peak wavelength of 
approximately 400 nm). 

That is, if a 4 eV electron band is formed in a protective layer, like the protective layer of 
the amended Claim 1 of the present application, an emission peak of cathode luminescence is 
located at energy level of 3 eV (corresponding to a peak wavelength of approximately 500 nm) 
(paragraph [0125] of the present application). Accordingly, if an emission peak of cathode 
luminescence is adjusted to be located at an energy level corresponding to a peak wavelength of 
approximately 400 nm, a 4 eV electron band is not formed in the protective layer, unlike the 
protective laver of the amended Claim 1 . 

As described above, the emission peak wavelength of the cathode luminescence in the 
amended Claim 1 significantly differs from Kimura. This is because the amended Claim 1 
differs from Kimura in an electronic state of oxygen defect of a protective layer and the 
corresponding electrical characteristics as defined in our claims and as supported by the 
following technical information. 

The following Figure is an excerpt from the pubhshed material attached hereto, which 
was disclosed in November 2004 (Toray Research Center TRC, Poster Session, 2004 Poster Cut- 
down Version No. V-6). This technical material describes that it is possible to specify an 
electronic state of oxygen defect of a protective layer with use of a measurement by a cathode 
luminescence method. 
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3. Analysis of Lattice Defects and Impurities on Surface Layer by CL 

Comparison on lattice defects and transition metal impurities on the surfaces of 
MgO films (up to 300 nm) is performed by Cathode Luminescence (CL) (Fig. 3). 
As a result, the case of the product by company S has many impurities such as Cr 
and V. Also, the case of the product by company C has a large amount of oxygen 
defect (F^ center and F center). 

According to the above material, if the emission peak wavelength is approximately 500 
nm as a result of measurement by the cathode luminescence method, like the protective layer of 
the amended Claim 1, oxygen defect of an MgO film is mainly in a state of F center. Also, if the 
emission peak wavelength is approximately 400 nm as a result of measurement by the cathode 
luminescence method, like the protective layer of Kimura, oxygen defect of an MgO film is 
mainly in a state of F"^ center. 

Here, the "F center" represents a state of oxygen defect of originally a site composed of 
O^' to which two electrons have been trapped. Also, the "F^ center" represents a state of oxygen 
defect to which only one electron has been trapped. Note that a state of oxygen defect to which 
no electron has been trapped (zero electron) is called "F2^ center." 

The state of F center, F^ center, and F^^ center differ from one another in the number of 
trapped electrons, and accordingly, they differ from one another in energy level of an electron 
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band that is formed, within a forbidden band in energy bands and correspondingly in the 
electrical properties of MgO. 

As described above, our amended Claim 1 differs from Kimura in an electronic state of 
oxygen defect in the protective layer. Accordingly, the amended Claim 1 differs from Kimura in 
the energy level of an electron band that is formed within a forbidden band in energy bands. 
Therefore, Kimura cannot exhibit the effect, unlike the amended Claim 1, that it is possible to 
keep the firing voltage low in the same way as in conventional PDPs even under the condition 
that the partial pressure of Xe is set to no less than 20%. 

Nakahara discloses technology for reducing the occurrence of black noise by forming at 
least a surface layer of an insulating layer (arguably corresponding to the protective layer of the 
present application), which comes in contact with the discharge gas, with a magnesium oxide 
film whose impedance at 100 Hz in one square centimeter is in the range of 230-330 Idl, or a 
magnesium oxide film including silicon in the range of 500-10000 weight ppm. The formation 
of such a magnesium oxide film increases the amount of secondary electrons emitted and makes 
up for a decrease in the effective voltage due to residual charge to thereby reduce the charge 
remaining. 

However, Nakahara fails to recognize a problem that the firing voltage also increases 
under the condition that Xe partial pressure is set to no less than 20%. Accordingly, Nakahara 
neither discloses nor suggests a structure in which the energy level of an electron band that is 
formed within a forbidden band in energy bands of a protective layer is set to a specific energy 
level such that Xe ions and the protective layer easily interact with each other. 

Also, the insulating layer of Nakahara is composed of materials including an MgO film 
to which oxygen defect and Si impurities have been added. However, according to the present 
Application, the substrate temperature for MgO film formation is in the range of 200° C to 
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300°C (paragraph [0119] of the present application). Compared with this, according to 
Nakahara, the substrate temperature for MgO film formation is 150^C, which is lower than the 
temperature in the present application. Furthermore, according to the present application, the 
amoimt of Si impurities is no more than 0.01% (100 ppm) (paragraph [0129] of the present 
application). Compared with this, according to Nakahara, the amoimt of Si impurities is in the 
range of 500 to 10000 ppm, which is greater than the amount in the present application. 
Therefore, the resultant final insulating layer of Nakahara will completely differ in physical and 
chemical composition from the protective layer of the present application because of conditions 
of the final MgO film formation. 

According to the above described differences in conditions of MgO film formation, the 
protective layer of the amended Claim 1 and the insulating layer of Nakahara differ from each 
other in the electronic state of oxygen defect of MgO film, and accordingly, differ from each 
other in energy level of an electron band that is formed within a forbidden band in energy bands. 

Therefore, Nakahara cannot exhibit an effect, as set forth in amended Claim 1, so that it 
is possible to maintain a discharge firing voltage at a low value in the same manner as in a 
conventional PDP even under our claimed condition that the partial pressure of Xe is set to no 
less than 20% . 

Note, according to Nakahara, an emission amount of secondary electrons is increased. 
However, Nakahara uses a mechanism for increasing the emission amoimt of secondary 
electrons, which is different from our mechanism in the protective layer of our amended Claim 1. 

In a standard PDP, if Xe is included in the discharge gas, the resultant Xe partial pressure 
in the discharge gas is low and for example 7 to 10% at most, as described in paragraph [0086] 
of the present appUcation. Also, if a mixed gas such as a mixed gas of Ne and Kr and a mixed 
gas of Ne, Xe, and Kr is used as a discharge gas, Ne greatly contributes to the secondary electron 
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emission function, as described in paragraph [0052] of the present application. Accordingly, it is 
unnecessary to set an energy level of an electron band of a protective layer such that Xe ions and 
the protective layer easily interact with each other. 

However, according to Nakahara, the emission amount of secondary electrons is 
increased by a setting energy level of an electron band that is formed within a forbidden band in 
energy bands, to an energy level where Ne and the insulating layer (protective layer) easily 
interact with each other. 

Here, it is known to adjust energy level of an electron band that is formed within a 
forbidden band in energy bands in a protective layer, to predetermined energy level. 

The following specifically describes forming a 4 eV electron band in a protective layer 
like the amended Claim 1, and then specifically describes reasons why the method disclosed by 
Nakahara cannot form a 4 eV electron band in a protective layer. 

Generally, in order to form a 4eV electron band in a protective layer, the following two 
conditions need to be satisfied in the process of film formation of MgO (ion crystal that includes 
Mg^^and 0^-): 

(A) To secure a substrate temperature enough for again evaporating components (Mg 
and O) such that crystallization having a regular lattice array can be realized in the process where 
a flux of Mg and a flux of O to be irradiated on the substrate surface interact with each other on 
the substrate surface so as to be deposited as MgO; and 

(B) To appropriately adjust at least one of an introduction amount of oxygen and an 
amount of Mg to be irradiated on the substrate surface. 

An intrinsic defect state of a formed MgO film (Mg defect and oxygen defect) is 
influenced by the condition (B) more strongly than by the condition (A). More specifically, in 
the normal film formation process, it is possible to control an intrinsic defect state of MgO by 
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controlling mainly the introduction amount of oxygen, and it is necessary to satisfy the above 
condition (A) in order to improve the controllability of the intrinsic defect state of MgO. 

In a case where a state of oxygen defect is provided in an MgO film by adjusting the 
above condition (B), two electrons are occupied, and the state of oxygen defect transits to a state 
of F center in which electrical neutrality is maintained in the film because the oxygen defect in 
the film is a site that is originally composed of O 

However, if the above condition (A) is not satisfied, the crystallinity of the film is 
insufficient. Then, a state of crystal imperfection or Mg defect is provided close to the oxygen 
defect, and the state of the occupied electrons transits to a state where energy level is lower. The 
state of oxygen defect transits to a state where plus is electronically excessive in amount, that is, 
a state of F"^ center or F^^ center. 

Furthermore, in a case where impurities are introduced, electroneutrality condition in the 
film is a parameter for determining an electronic state of defect or impurities, in addition to the 
above conditions (A) and (B). 

More specifically, in a case where impurities such as Si, Ge, and Sn are included in the 
film, if the condition (A) is sufficiently satisfied, replacement of Mg with the impurities realizes 
the stability in energy. An impurity level generated as a result of this replacement is in a state 
where two electrons are occupied, in the same way as in an oxygen defect 

On the other hand, if the above condition (A) is not satisfied like the teaching in the case 
of Nakahara, there occurs a state where plus is electronically excessive in amount, such as the 
case of oxygen defect as described above. This causes a state in some center or crystal 
imperfection in which electrons occupied close to impurities such as Si, Ge, and Sri are taken. 
Also, even if an introduction amount of impurities is more than 100 ppm like Nakahara, crystal 
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distortion occurs in the same way as in the case where the condition (A) is not sufficiently 
satisfied, and this tends to increase its crystal imperfection. 

Therefore, since the insulating layer of Nakahara has an introduction amount of 
impurities of more than 100 ppm and does not satisfy the condition (A), a large degree of crystal 
imperfection would be caused. Oxygen defect is in a state where plus is electronically excessive 
in amount, that is, a state in F"^ center or F^"^ center. 

Compared with this, according to the protective layer of the amended Claim 1, since the 
both above conditions (A) and (B) are satisfied, oxygen defect is in a state of F center, and an 
intrinsic defect state of MgO completely differs from that of Nakahara. 

Therefore, in the protective layer of Nakahara, an electron band including at least 
electrons having energy level of 4 eV or less below a vacuum level is not formed within a 
forbidden band in energy bands, unlike the protective layer of the amended Claim L Also, 
Nakahara cannot exhibit the effect, xmlike the amended Claim 1, that it is possible to keep the 
discharge firing voltage low in the same way as in conventional PDPs even under the condition 
that the partial pressure of Xe is set to no less than 20%. 

As described, Nakahara and Kimura fail to recognize the problem that the firing voltage 
increases under the condition that the partial pressure of Xe is set to no less than 20%. 
Accordingly, Nakahara and Kimura fail to disclose prior art structure in which an energy level of 
an electron band that is formed within a forbidden band in energy bands of a protective layer is 
set to a specific energy level such that Xe ions and the protective layer easily interact with each 
other. 

Therefore, even if these two references are combined with each other, would not be 
obvious to conceive of a structure according to the amended Claim 1 in which an energy level of 
an electron band that is formed within a forbidden band in energy bands of a protective layer is 
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set to a specific energy level such that Xe ions and the protective layer easily interact with each 
other. Therefore, the invention according to the amended Claim 1 involves novelty and 
unobviousness. 

Akiyama et al was simply cited to show Group II and VI elements in a protective layer 

with an additive element selected from Group IV and V having a higher concentration adjacent 

the discharge space to reduce a discharge start voltage. There is no teaching or suggestion to a 

person of ordinary skill to provide the structure of the present invention. 

"A reference may be said to teach away when a person of ordinary skill, 
upon reading the reference, would be discouraged from following the path 
set out in the reference, or would be led in a direction divergent from the 
path that was taken by the applicant." In re Gurley, 27 F.3d 551, 553 
(Fed. Cir. 1994); see KSR, 111 S. Ct. at 1739-40 (explaining that when the 
prior art teaches away from a combination, that combination is more likely 
to be nonobvious). Additionally, a reference may teach away from a use 
when that use would render the result inoperable. McGinley v. Franklin 
Sports, Inc., 262 F.3d 1339, 1354 (Fed. Cir. 2001). 

In re Icon Health and Fitness, Inc, 2007 U.S. App. Lexis 18244, 
*10 

Furthermore, even if any other references disclose that the introduction amount of oxygen 
defect and the addition amount of external impurities in crystal lattice of the protective layer are 
adjusted, it is impossible to set an energy level of an electron band of the protective layer such 
that Xe ions and the protective layer easily interact with each other without the recognition of the 
above problem like the present Application. Therefore, the invention according to the amended 
Claim 1 involves novelty and imobviousness. 



\PRICEJ\SWDMS\9078934.1 



15 



Patent 
50478-1100 



If the Examiner has any questions with regards to this matter, the imdersigned attorney 
would appreciate a telephone conference. 



Very truly yours, 

SNELL & WILMER L.L.P. 




600 Anton Boulevard, Suite 1400 
Costa Mesa, California 92626-7689 
Telephone: (714)427-7420 
Facsunile: (714)427-7799 
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I, Noriko Shimizu, translator at Nakaj ima & Matsumura Patent 
Attorneys Office, 6F Yodogawa 5-Bankan, 3-2-1 Toyosaki, Kita-ku, 
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Structure Evaluation of Ceramic Materials by Cathode 
5 Luminescence and ESR 

Ceramics has been utilized in various fields, for example, as 
IC substrates, varistors, and capacitors for personal 
computers, frequency filters for mobile phones, and magnetic . 
heads for hard disk drives. Ceramics is composed of crystal 
particles, grain boundaries, air holes, and the like. The 
perf omnance of ceramics depends on the crystallinity of each 
particle, an amount of defects and impurities of each particle, 
grain boundaries, and properties of a surface of each particle . 
Cathode Luminescence (CL) and Electron Spin Resonance (ESR) 
are highly effective techniques for evaluating defects and 
impurities included in ceramic materials, 

1. Analysis of Defect Structures and Impurities of MgO 
20 Single Crystals by CL and ESR 
1.1 Evaluation by CL 

Fig. 1 shows CL spectrums of a sample A (MgO single crystals) 
and a sample D (polycrystalline powders) . A broad light 
emission band around 400 nm observed in the sample A is 
25 considered as a light emission band caused by center in which 
one electron is trapped to oxygen defect. A broad light 
emission band around 500 nm observed in the sample D is 
considered as a light emission band caused by F center in which 

1 

10/573,282 
Attachment 1 
Page 2 of 17 



10 



15 



two electrons are trapped to oxygen defect. Fig. 1 shows that 
the sample D contains a large amount of center, and both 
the samples A and D contain Fe, Cr, or the like in ppm order. 



5 1.2 Analysis by ESR 

Fig. 2 shows typical ESR spectrums of MgO samples. As a result 
of interaction between electron spins and nuclear spins, Mn^"^ (I 
= 5/2) causes a characteristic six-line spectrum, and V^"*" (I 
= 7/2) causes a characteristic eight- line spectrum. It is 
10 possible to perform valence evaluation by ESR. Accordingly, 
it is considered that, with respect to V^"", Cr^"", Fe^"", and Mn^^, 
the sensitivity in evaluation by ESR is higher than that by 
SIMS (See List 1) . 

15 2 - Evaluation of Defects and Impurities of Alumina 
Substrate by CL 

Fig. 3-1 shows an SEM image of a commercially available alumina 
substrate. Fig. 3-2 shows. luminescence intensity 

distribution of a luminescent line around 318 nm. Fig. 3-3 

20 shows spectrums of light and dark parts shown in Fig. 3-2. 
According to the figures, luminescence intensity is highest 
around the center of each particle. Since a luminescent line 
around 318 nm is resulted from impurities and defects, it is 
considered that there are a large amount of impurities and 

25 defects caused by the luminescent line around 318 nm center 
around the center of each particle. 
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Analysis of MgO Film for Actual Plasma Display Panel 

MgO films used for protective films of front panels of Plasma 
Display Panels (PDPs) take an important role for determining 
5 various discharge characteristics. It is necessary to 
optimize the quality of MgO films in order to improve the 
display quality of PDPs. The following provides an analysis 
example of MgO films for three types of commercially available 
plasma TVs, 

10 

1. Carbonate Analysis by XPS (Product by Company A) 

A carbonate is sometimes formed on a surface of an MgO film, 
and this might exert a bad influence on the performance of a 
protective film. The following is an example in which an 

15 amount of carbonates on a surface of an MgO film is evaluated 
by XPS. In case of the product by company A, an amount of 
carbonates is comparatively small (Fig. 1(a)). 
It is important not to expose a sample to the atmosphere in 
order to analysis carbonates. Here, a panel is dismantled in 

20 inert gas, and the dismantled panel is introduced into an 
analysis apparatus without being exposed to the atmosphere. 
For just information, a large amount of carbonates is observed 
in the surface of the MgO film that has been exposed to the 
atmosphere (Fig. 1(b) ) . 

25 

2. Analysis of Depth Profiles of Impurities by D-SIMS 
Analysis of depth profiles of impurity elements contained in 
an MgO film is performed by Dynamic -SIMS (Fig. 2) . As a result, 

3 
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H, C, F, CI, B, Na, Al and Si are detected, in addition to Mg 
and O arranged in a matrix. Compared with other samples, the 
case of the product by company A is more likely to have high 
density of Na Si. 

5 

3 . Analysis of Lattice Defects and Impurities on Surface 
Layer by CL 

Comparison on lattice defects and transition metal impurities 
on the surfaces of MgO films (up to 300 nm) is performed by 
10 Cathode Luminescence (CL) (Fig. 3) . As a result, the case of 
the product by company B has many impurities such as Cr and 
V. Also, the case of the product by company C has a large amount 
of oxygen defect (F"*" center and F center) . 

15 



4 
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Evolved Gas Analysis of Phosphor Powders for PDP upon Heating 



[tpd-MS Apparatus 

TPD-MS is a technique for specifying evolved gas upon heating 
5 as a function of temperature with use of an instrument to 
designed corresponding to the shape and size of each sample. 
Here, the following provides a result of evolved gas analysis 
by TPD-MS performed on phosphors for PDPs, which are now 
starting to prevail as large and space -saving. displays . 

10 

Structure of PDP 

Phosphors for PDPs emit light by being excited by 
vacuum-ultraviolet light generated by discharge. There is a 
possibility that gas will be generated from residues included 
15 in the phosphors due to the increase in temperature of the 
phosphors upon the light emission. 



Phosphor Powders 

With respect to blue phosphors whose luminance deteriorates, 
20 specific occurrence of water is observed around 250°C. 

The peak temperature (Tp) of the water-occurring rate of the 
blue phosphors is calculated by changing the 
temperature -rising rate (0), and an active energy Ae is 
25 calculated. According to this value Ae, it is judged that 
this water is obtained due to thermal decomposition. 



Binder -Removing Condition and Amount of Remaining Organic 



5 
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Materials of Phosphor Paste 

A TG curve in process of binder- removing in air shows that a 
specific weight decrease behavior around 210°C, 

5 As a result of calculating an amount of remaining organic 
materials by changing the binder- removing temperature and time, 
it proves that heat treatment temperature no more than 500''C 
makes the amount of remaining organic materials increase. 



10 
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Evaluation of MgO Film for PDP (2) 

MgO Films for PDPs are important materials that not only protect 
dielectric layers but also determine discharge 
5 characteristics of panels. It is greatly important to 
properly evaluate characteristics of MgO films in order to 
control conditions or the like in manufacturing process. In 
view of thiS/ the following provides examples of evaluations 
of characteristics of MgO films from various aspects. 

10 

1. Evaluation of Film Structure by Cross -Sectional TEM and 
AFM 

An MgO film is composed of columnar crystals of approximately 
100 nm in diameter. Results by TEM and AFM show that the 

15 columnar crystals have many spaces therebetween. Also, the 
size of crystals on a part of the columnar crystals closer to 
the surface is larger than that closer to a substrate . 
Furthermore, according to triangular shapes of each particle 
on the surface (AFM image) and an electron beam diffraction 

20 image, it proves that MgO film has the (IE) orientation. 

2 . Evaluation of Film Characteristics by Spectroscopic 
Ellipsometry 

According to an evaluation result, an MgO film is not an 
25 isotropic medium but has a refractive index distribution in 
the thickness direction of the film. The refractive index 
becomes higher from the interface to the surface of the film. 
Accordingly, the degree of crystallinity becomes higher from 

7 
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the interface to the surface of the film. This result highly 
matches the above result of the observation by the 
cross -sectional TEM. 

5 3, Status Analysis by TG-MS and XPS 

MgO films are deliquescent . Accordingly, if MgO films are left 
in the atmosphere, the biochemical status thereof varies. 
Therefore, a measure is taken in the manufacturing process of 
PDPs in order to activate MgO films (evacuation bake or the 
10 like) , In order to confirm the validity and effects of this 
measure, it is essential to perform status analysis of MgO films . 
Here, MgO films left in the atmosphere are evaluated. As a 
result, it proves that carbonates are formed on MgO films. 



8 
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structure Evaluation of Ceramic Materials by Cathode 
IiTiminescence and ESR 
Fig. 1 CL spectrums of Samples A and D 




500 1000 
WAVELENGTH (nm) 



Fig. 2 ESR spectrum of MgO 
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Analysis of MgO Film for Actual Plasma Display Panel 
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Fig. I. Surface carbonation analysis by XPS: 
(a) sampled in inert gas, and (b) after exposed 
to air. 
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Fig. 2. Depth profiles by dynamic SIMS: (a) positive, and (b) negative 
secondary ions. 
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Evolved Gas Analysis of Phosphor Powders f or PDP upon Heating 
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Evaluation of MgO Film for PDP (2) 
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Fig. I. Surface carbonatton analysis by XPS: 
(a) sampled in inert gas, and (b) after exposed 
to air. 
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5.1: Invited Paper: High Efficacy PDP 

G- Oversluizen, 7. Dekker, M. F. Gillies, and S.T. de Zwart 
Philips Research Laboratories, Eindhoven, The Netherlands 



Abstract 

77ie trade-off between PDP panel efficacy improvement and 
driving voltages is investigated for several design factors. It 
is found that for a proper combination of an increased Xe- 
content, cell design, and the use of a Ti02-layer combined 
with "non-saturating" phosphors, a large increase of both 
efficacy and luminance can be realized at moderately 
increased drive voltages. In a 4-inch color test panel a white 
efficacy of 4.4 Im/W and a luminance of 5000 cd/n? is 
obtained for sustaining at 250 Vin addressed conditions. 

1. Introduction 

The present-day PDP white light efficacy, typically about 1 .5 
ImAV, is rather low in comparison with a CRT (5 ImAV) and 
limits the brightness Fixrthermore, panel efficacy 

improvement implies a lower panel cost which is essential 
for penetrating consumer markets. Hence, efficacy 
imj^rovement is a major objective in plasma display research 

The efficacy of an alternating current surface-discharge 
plasma display (PDP) can be broken down into contributions 
from successive conversion factors vacuum-ultraviolet 
(VUV) photon generation in the discharge, VUV-capture by 
a phosphor coating, VUV-to-visible light conversion, and 
visible-light losses. The discharge is a predominant fector 
limiting the overall efficiency. For a default PDP design with 
a (Ne, Xe)-gas mixture containing about 5% Xe the discharge 
efficiency is tj^ically 10%^^'^l For higher Xe partial pressure 
the discharge efficiency increases markedly, however, the 
discharge firing voltage also increases significantly 
Clearly, higher voltages are disadvantageous for the 
electronics cost. Also, for higher operation voltages a 
decrease of the drive margin is expected ^^^l Therefore it is 
desired to achieve a high efficacy at the lowest attainable 
firing voltage. 

In this paper the dependency of panel efficacy and discharge 
firing voltage on several cell design parameters are 
evaluated. Subsequently, the influence of the Xe-content in 
Xe-Ne gas mixtures, the dielectric layer capacitance, the 
sustain electrode gap and a Ti02-layer underneath the 
phosphor is investigated in 4-inch, mostly monochrome test 
panels. Finally, the acquired knowledge is applied in a color 
test panel. 

2. Experimental details 

The design of the 4-inch test panels with 256 columns and 64 
rows, which resembles the one used in main stream 
commercial products, has been described previously ^^^l The 
panel luminance and efficacy is measured for continuous 
sustaining at 50 kHz. 



Several types of test panels are used, monochrome and color, and 
with a default or an adapted cell design. In the monochrome 
green test panels, used to investigate discharge efficiency trends, 
a Tb-activated pentaborate phosphor is used. It was found that 
phosphor saturation for increasing UV-load, as reported for the 
Willemite phosphor is no issue in this case, although the 
quantum efficiency is somewhat lower. 

The dependence of the efficacy and firing voltage on the gas 
composition is investigated in monochrome test panels with 
default geometry. The Xe-content is varied from 3.5% to 100% 
at 600 hPa total pressure. 

The dependence of the efficacy and firing voltage on the 
dielectric layer capacitance is investigated on monochrome green 
test panels with an Xe-concentration of 10%. In the default panel 
design the dielectric layer capacitance, measured on a front plate 
with a continuous top electrode is 0.28 nF/cm^. In the C series 
this capacitance is varied from 0.15 to 0.80 nF/cm^ and the 
sustain voltage is 225 V. 

The dependence of the efficacy and firing voltage on the sustain 
electrode gap is investigated on a color panel containing a gas 
mixture with 13.5% Xe in Ne 

The influence of a Ti02-layer underneath the phosphors is also 

investigated in a color panel. 

In all monochrome test panels the channels are formed by 
powder blasting in a glass substrate, resulting in semi-circular 
channel geometry. 

Finally, in the color panel, used to demonstrate a high panel 
efficacy at a high luminance, state of the art blue and red 
phosphors and a dedicated green phosphor are applied. This Tb- 
activated triborate, YBOsiTb^^, combines a high quantum 
efficiency and little saturation at high UV-load'-^ The powder 
blasting process is adapted to yield larger more U-shaped 
channels, which impHes lower wall losses. The reflective Ti02- 
layer is applied under the phosphor layer to enhance luminance 
and efficacy. The luminance and efficacy of the color panel is 
measured in addressed conditions. 

3. Results and discussion 
3.1 Xe partial pressure 

Although the increase of the efficacy for increasing Xe- 
concentration, or gas pressure, is well known panel data are 
rare. The measured dependence of the test-panel efficacy and the 
firing voltage on the Xe-content is shown in figure 1, for a Xe- 
concentration series at 600 hPa. The efficacy is normalized with 
respect to its lowest value and measured at a high sustain voltage 
of 320 V, to allow sustaining well above the minimum sustain 
voltage at high Xe-concentration. 

Present-day commercial panels apply a Xe-concentration of 4 to 
5 % at a pressure of about 600 hPa. A significant improvement 
thus appears conceivable. The present results are in good 
agreement with previous work, where we explored Xe- 
concentrations up to 20%, and used a numerical model to obtain 
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an estimate of the contributing factors. It was found that an 
increase of both the Xe-excitation efficiency and the e- 
heating efficiency each contribute about equally to the 
overall increase of the plasma efficiency 




-I r~ 

0 20 40 60 80 100 
Xe-concentration (%) 

FIG.l Dependence of the efficacy, normalized to its lowest value, 
and the firing voltage on the Xe concentration for continuous 
sustaining at 50 kHz, 320 V; the filling pressure is 600 hPa. 

As expected, the efficacy increases for increasing Xe though 
there is a "leveling off at a Xe content of approximately 50 
%. The leveling off is anticipated. As already noted above, 
the typical discharge efficiency for default conditions is 10 
%, which is the result of a multiplication of a 30 % electron 
heating efficiency and a 35 % Xe-excitation efficiency 
This limits the theoretical gain factor to 10. Naturally, ion- 
heating losses cannot be completely avoided since the 
discharge requires ionization. Also, the electron energy will 
be distributed, and consequently the Xe-excitation efficiency 
is sub-optimal for parts of the spectrum. Therefore a 
leveling-off at higher gain ^tor is expected. 



Also the firing voltage increases for increasing Xe 
concentration. The increase of the discharge voltages is 
caused by the low secondary electron emission coefficient of 
Xe This increase is indicated by modeling and 
confirmed by experimental results f^'^^'*^^. An increasing 
jRring voltage implies increasing operation voltages. 
Although the use of a somewhat higher sustain voltage even 
appears beneficial for the discharge efficiency, electronics 
cost considerations drive towards lower operation voltages. 
In the next sections measures to control flie firing voltage are 
discussed. 

3.2 Dielectric layer capacitance 

The dependence of the test-panel efficacy and the firing 
voltage on the dielectric layer thickness, for a gas mixture 
with a Xe-concentration of 10% at 660 hPa, is shown in 
figure 2. The efficacy is measured in addressed conditions at 
a sustain voltage of 225 V. The efficacy decreases markedly 
for increasing capacitance, i.e. decreasing layer thickness. A 
similar trend has been observed in corresponding 
investigations on panels containing a mixture of 3.5% Xe in 
Ne. The decrease of the efficacy is attributed to a decrease of 
the electron heating efficiency for increasing capacitance ^^^K 



The firing voltage also decreases for increasing dielectric layer 
capacitance. This is due to the division of the externally applied 
voltage over the gas capacitance and the dielectric layer 
capacitance, which are coimected in series. For increasing 
dielectric layer capacitance a larger fraction of the external 
voltage is applied over the gas space. 



400 




0.01 



0.02 



0.03 



0.04 



Inverse layer thickness (Mm ) 

FIG.2 Dependence of the normalized luminance and the firing 
voltage on the dielectric layer thickness for a 10% Xe in Ne gas 

mixture. 

It is seen that efficacy and firing voltage show a similar 
dependence on the dielectric layer capacitance. This implies a 
trade-off, A balanced design at intermediate capacitance values is 
required, since neither a very high firing voltage nor a very low 
efficacy is acceptable. Furthermore, the dynamic drive voltage 
margin (not discussed is this article) also shows larger values for 
intermediate capacitance values. 

33 Electrode gap 

The dependence of the test-panel efficacy and the firing voltage 
on the sustain electrode gap, for a gas mixture with a Xe- 
concentration of 13.5% at 800 hPa, is shown in figure 3. 
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FIG.3 Dependence of the efficacy and the firing voltage on the 
sustain electrode gap for a 13.5%Xe in Ne gas mixture at 800 hPa. 
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The efficacy depends little on the gap width for the small 
gap values studied. This is expected for a surface discharge, 
where about 60% to 70% of the VUV radiation is generated 
above the cathode and 30% to 40% above the anode 
There is no efficient "positive column" discharge 
contribution, as reported for larger gap widths of 200 jjm to 
500 Mm t^^-^^^. 

In agreement with the well-known Paschen law the firing 
voltage increases for increasing gap width. The minimimi 
sustain voltage also increases, although the dependency is 
weaker. Therefore the static margin increases for increasing 
gap width. Similar results were reported previously and a 
corresponding trend is reproduced with model calculations 

[21,22] 

It follows from the above that small electrode gaps are 
attractive, because the discharge voltages are lowered 
without a penalty on the efficacy. It should be noted 
however, that the increasing risk of dielectric breakdown also 
imposes a technology dependent lower limit. For common 
practical panel designs the gap size is governed by discharge 
voltage requirements, both the absolute values and the drive 
margins, in a regime where efficacy is not affected. 



3 A Ti02-layer 

In figure 4 the efficacy of color test panels with and without a 
Ti02-layer undemeath the phosphor is compared. The 
efficacy (triangles) is seen to increase for increasing sustain 
voltage with a roughly similar characteristic for both panels. 
The voltage dependence of the efficacy is affected by many 
factors, amongst others the Xe-content and the sustain 
fi-equency ^12,23] ^jgaj- tj^^t, a marked increase of the 

efficacy, by about a factor of 1.5, is observed upon addition 
of a Ti02-layer undemeath the phosphor. For panels without 
such a layer the visible light emission at the backside is about 
20%. Thus, recovery of this backside emission cannot fully 
account for the efficacy improvement, which also appears to 
be somewhat dependent on the sustain voltage. Apparently 
the discharge efficiency increases. 
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FIG.4 Comparison of the efficacy and the (VIS/IR) -emission 
ratio for color test panels with and without a Ti02-layer 
underneath the phosphor. 



An indication for an increased Xe-excitation efficiency can be 
derived fix>m the panel emission A typical spectrum contains 
emission in liie visible region (VIS) firom the phosphors, and Xe- 
emission with lines at 823 nm and at 828 nm in the near infi^red 
(IR), is also prominent The 828 nm line is due to relaxation from 
a higher excited Xe-state to the level Xe(^Pi), the source of the 
resonant 147 nm emission, and the 823 nm line is due to 
relaxation from a higher excited Xe-state to the Xe(^P2) 
metastable level, a precursor for Xe-dimer radiation at 173 nm. 

Xe is excited in higher Xe*-levels as well as directly into the 
Xe(^Pi) and Xe(^P2) metastable levels. Direct excitation in these 
levels involves less relaxation losses and no 823 nm or 828 nm 
emissions. Finally, both resonant and dimer radiation excite the 
phosphor with a comparable efficiency and the visible emission 
intensity can be taken as a measure for the total VUV-intensity. 
Thus an increase of the intensity ratio of (VIS/IR>radiation 
suggests a larger fraction of direct excitation into the lower 
Xe( Pi) and Xe(^P2), i.e. an increase of the Xe-excitation 
efficiency. 

Therefore, the increase of the (VIS/IR)-ratio for a panel with a 
TiOa-layer undemeath the phosphor (see squares in figure 4) 
implies an increase of the Xe-excitation efficiency. The roughly 
corresponding voltage dependence of the efficacy and the 
(VIS/ni)-ratio shows, that an increasing Xe-excitation efficiency 
at least partly accounts for the increase of efficacy. 

Furthermore, the discharge voltages decrease when a Ti02-layer 
underneath the phosphor is applied, as illustrated in table 1 . 





Vgm 


Vf 




(V) 


(V) 


3.5%Xe, Will., without Ti02 


133 


217 


3.5%Xe, Will., with TiOs 


130 


210 


10%Xe, color, without Ti02 


159 


248 


10%Xe, color, with Ti02 


152 


234 



Clearly, the application of a Ti02-layer undemeath the 
phosphor(s) is very beneficial for both a high discharge 
efficiency and a decrease of the discharge voltages, 

3.5 High efficacy color panel 

It follows from the above that for a proper combination of Xe- 
content and cell design, i.e. capacitance, electrode gap and a 
Ti02-layer undemeath the phosphor(s), efficient VUV-generation 
at moderate drive voltages can be achieved. This knowledge is 
applied in a 4-inch color test panel, where dedicated phosphors, 
that maintain high conversion efficiency at high VUV-load, are 
used Figure 5 shows the sustain voltage dependence of 
efficacy and luminance for two color test panels with a high Xe- 
content- 
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FIG.5 Efficacy and luminance as a function of sustain voltage for 
two high Xe partial pressure color test panels: measured in 
addressed conditions for a 30% Xe in Ne gas mixture (squares), 
and measured in continuous sustain condition for a 50% Xe in 
Ne mixture (triangles). 

In addressed conditions, an efficacy of 4A ImAV and a white 
luminance of about 5000 cd/m^ are concurrently obtained at a 
sustain voltage of 250 V for a panel containing a 30% Xe in 
Ne gas mixture. These values represent a large improvement 
in comparison with present day commercial panels, where 
about 1.5 Im/W and 600 cd/m^ is usual. Moreover, in 
continuous sustaining condition at V>270V a panel efficacy 
of more than 5 ImAV has been realized in a 50% Xe-panel. 



4. Conclusion 

It is concluded that by proper combination of an increased Xe- 
content, a balanced cell design, "non-saturating" phosphors, and 
the use of a Ti02-layer underneath the phosphor, a marked 
improvement of PDP efficacy and luminance can be realized, at 
moderately increased drive voltages. In a 4-inch color test panel 
a white efficacy of 4.4 ImAV and a luminance of 5000 cd/m^ is 
obtained for sustaining at 225 V in addressed conditions. 
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